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Abstract. Purpose: Lutetium-177 (177Lu) is a radionu-
clide of interest for radioimmunoimaging (RII) and ra-
dioimmunotherapy (RIT) on account of its short half-life
(161 h) and the ability to emit both β and γ radiation.
Single-chain Fv (scFv) constructs have shown advance-
ment in cancer diagnosis and therapy due to the pharma-
cokinetics advantage and seem to be intriguing tools in
oncology. The objective of this study was to evaluate the
pharmacokinetics and biodistribution characteristics of
the 177Lu-labeled tetravalent scFv of CC49 MAb and 
intact CC49 IgG in vivo. Methods: Conjugation and la-
beling conditions of multivalent scFv with 177Lu were
optimized without affecting integrity and immunoreac-
tivity. For this purpose, multivalent scFv constructs 
{dimer, sc(Fv)2; tetramer, [sc(Fv)2]2} of the MAb CC49
were expressed as secretory proteins in Pichia pastoris.
The purified scFv constructs and IgG form of CC49
were conjugated with a bifunctional chelating agent,
ITCB-DTPA, and labeled with 177Lu. The comparative
biodistribution, blood clearance, and tumor-targeting
characteristics of 177Lu-labeled tetravalent [sc(Fv)2]2
construct of CC49 MAb and intact CC49 IgG were in-
vestigated in the athymic mice bearing LS-174T xeno-
grafts. Results: Approximately, 90% of 177Lu incorpora-
tion was achieved using ITCB-DTPA chelator, and the
labeled immunoconjugates maintained integrity and im-
munoreactivity. Blood clearance studies demonstrated an
alpha half-life (t1/2α) of 177Lu-labeled [sc(Fv)2]2 and IgG
of CC49 at 4.40 and 9.50 min and a beta half-life (t1/2β)
at 375 and 2,193 min, respectively. At 8 h post adminis-
tration, the percent of the injected dose accumulated/

gram (%ID/g) of the LS-174T tumor was 6.4±1.3 and
8.9±0.6 for 177Lu-labeled [sc(Fv)2]2 and IgG of CC49,
respectively, in the absence of L-lysine. The correspond-
ing values were 8.0±0.6 and 8.4±1.2 in the presence of
L-lysine. Renal accumulation of [sc(Fv)2]2 was signifi-
cantly (p<0.005) reduced in the presence of L-lysine.
Conclusion: The results of this study demonstrate that
the ITCB-DTPA conjugation and 177Lu-labeling of scFvs
are feasible without influencing the antibody characteris-
tics. 177Lu-labeled [sc(Fv)2]2 showed faster clearance 
and equivalent tumor uptake at 8 h compared with its
IgG form, with a markedly reduced renal uptake in the
presence of L-lysine. Therefore, 177Lu-labeled [sc(Fv)2]2
may be a potential radiopharmaceutical for the treatment
of cancer.
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Introduction

The binding of monoclonal antibodies (MAb) to tumor-
associated antigens (TAA) offers a powerful approach to
cancer therapy in view of their exquisite specificity and
targeting capability, coupled with the delivery of cyto-
cidal agents (i.e., radionuclides, enzymes, genes, drugs,
and cytotoxins) [1–6]. The successful application of 
radioimmunotherapy (RIT)/radioimmunoimaging (RII)
is mainly contingent upon TAA, a specific antibody with
favorable pharmacokinetics, radionuclide characteristics,
and the method of antibody labeling [1–4, 7]. Intact
mouse monoclonal antibodies have certain limitations in
cancer treatment due to their long persistence in the
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blood pool. Further, only a limited quantity is delivered
to tumors because of poor diffusion and human anti-
mouse antibody (HAMA) responses (when multiple dos-
es are required for therapy) [7–9]. These problems asso-
ciated with the use of intact murine antibodies have di-
rected the efforts of various groups toward the improve-
ment of antibody molecules using recombinant DNA
technology. As a result, several genetically engineered
single-chain Fv (scFv) constructs of antibody molecules
were developed with reduced immunogenicity, more 
desirable size, and preferential pharmacokinetics for
RII/RIT applications [2, 7, 8, 10–12].

Investigators have previously constructed and charac-
terized the monovalent, divalent, and multivalent scFv of
CC49 and other monoclonal antibodies [2, 7–9, 11, 12].
The radioiodinated scFvs of different MAbs disappeared
very rapidly from the blood pool and provided a homo-
geneous tumor penetration. Yet these scFvs showed a
significantly lower percent of injected dose in tumors
due to short plasma half-lives and lower binding affinity
[11, 12]. Similar to radioiodinated scFv, 177Lu-labeled
monovalent scFv showed a high renal uptake with low
tumor localization [13, 14]. While monovalent scFv
(Mr&#8764;30,000) has proven to be an ideal reagent for
diagnostic applications on account of its excellent tumor
penetration and low background, a low tumor to normal
tissue ratio limits the use of monovalent scFv for RIT
applications [8, 12, 15, 16]. The scFv constructs with in-
creasing valency have exhibited a marked gain in the
functional affinity attributable to multiple interactions
within a single antigen–antibody complex, resulting in
improved biodistribution and desired pharmacokinetics
[8, 15, 17–20].

The procedure of radiometal labeling of the proteins
is more complex than the labeling with radioiodine,
since radiometal labeling requires conjugation of a 
bifunctional chelating agent (i.e., DOTA, DTPA) to the
proteins [13, 14, 21–24]. One of the potential problems
in using the radiometal immunoconjugates, especially
with small molecules like scFv, is the high renal uptake,
which limits the use of the engineered products for RII
and RIT application [13, 14]. Preclinical studies showed
that intravenous (i.v.) and intraperitoneal (i.p.) infusion
of L-lysine and arginine block negatively charged sites
on the surface of renal tubule and thereby prevent bind-
ing and subsequent absorption of radiolabeled Fab or
scFv fragments [25, 26]. Among the radiometal nuclides,
177Lu is an interesting isotope due to its moderately short
half-life (161 h) and the ability to emit both beta and
gamma radiation [β497 (maximum) and 133 keV (aver-
age) and γ208 (maximum) and 113 keV (average)] [14,
21, 27]. Unlike 90Y, 177Lu has an imagible gamma and
this property allows one to track the radioimmunoconju-
gates during therapy procedures by using external gam-
ma scintigraphy [14]. Several preclinical and clinical
studies have been performed with 177Lu-labeled Ig for
the treatment of a variety of cancers [14, 27–29].

In the present study, we compared the biodistribution
and pharmacokinetic properties of (S)-1-p-isothiocyanato-
benzyl-diethylenetriamine penta-acetic acid (ITCB-DTPA
or SCN-Bz-DTPA)-conjugated and 177Lu-labeled tetrava-
lent scFv and intact CC49 IgG that recognizes tumor-asso-
ciated glycoprotein-72 (TAG-72), which is expressed by a
majority of human adenocarcinomas and is absent in most
normal tissues [30]. Additionally, we performed these
studies in the presence of an excess of L-lysine for re-
ducing the nonspecific kidney uptake of the radionuclide.
The 177Lu-labeled multivalent construct of CC49 scFv
{[sc(Fv)2]2} demonstrated higher tumor localization and a
marked reduction in the renal uptake compared with the
DOTA-conjugated monomeric scFv [14].

Materials and methods

Purification and characterization of scFvs

The divalent CC49 scFv gene (VL-linker-VH-linker-VL-linker-VH-
linker) was constructed (Fig. 1a), cloned and expressed in P. pas-
toris as described previously [7, 31]. The purified protein was ana-
lyzed by sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE) to check the integrity, and by solid-phase compe-
tition enzyme linked immunosorbent assay (ELISA) for immuno-
reactivity. Due to the spontaneous noncovalent association of di-
valent scFv, tetravalent scFv (Fig. 1b) and aggregates were also
produced by the cultured yeast cells. Tetravalent and divalent
scFvs were separated from aggregates and breakdown products by
size exclusion chromatography described previously [7, 31].

SDS-PAGE analyses

Recombinant protein products were evaluated by SDS-PAGE ac-
cording to the method described by Laemmli [32], with or without
reduction by β-mercaptoethanol. Protein bands were visualized by
staining the gels with Coomassie Blue R-250. 177Lu-labeled im-
munoconjugates were visualized by autoradiography using Kodak
film (Rochester, NY) and a DuPont (Wilmington, DE) Lightning-
Plus intensifying screen. Films were exposed to gel for 1–2 h at 
−70°C and then developed.

Preparation of ITCB-DTPA-sc(Fv)2, ITCB-DTPA-[sc(Fv)2]2
and ITCB-DTPA-IgG immunoconjugates

All the reagents used for the preparation of ITCB-DTPA immuno-
conjugates were treated with Chelex-100 resin (Bio-Rad Laborato-
ries, CA) to eliminate metal ions. Antibody buffer (PBS, pH 7.4)
was exchanged with sodium carbonate buffer (0.05 M, pH 8.3) by
using Centricon 30 (Millipore Corporation, MA, USA). Finally,
antibodies were diluted at 5 mg/ml (33 µM) in sodium carbonate
buffer pH 8.3 and then 33 µl aqueous solution (5 mM) of ITCB-
DTPA was added. The reaction was allowed to proceed for 2 h at
room temperature. The unbound or free ITCB-DTPA was removed
from the mixture and the sodium carbonate buffer was exchanged
by PBS (pH 7.4) by ultra-filtration using Centricon 30 concentra-
tor. Finally the immunoconjugates were diluted at 10 mg/ml,
transferred to metal-free tubes in small aliquots, and stored at 
−20°C for later use.
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Labeling procedures

177Lu was produced by the neutron irradiation of isotopically en-
riched 176Lu2O3 (Oak Ridge National Laboratory, Oak Ridge, TN)
at the University of Missouri Research Reactor. The appropriate
volume of the immunoconjugates (1 mg) was thawed, allowed to
come to room temperature, and transferred to the reaction tubes.
An equal volume (50 µl) of sodium acetate (0.6 M) buffer, pH 5.3
and sodium citrate (0.06 M) buffer, pH 5.5 was added to each 
reaction tube. The desired amount of 177Lu radioactivity (1 mCi)
was added to the reaction mixture by using metal-free tubes 
and pipette tips, and was incubated at room temperature for 2 h.
The reaction mixture was loaded on the top of a BSA-blocked
Sephadex-G25 column and the hot fractions were pooled. The 
total protein content was determined in order to calculate the spe-
cific activity of the labeled immunoconjugates. Instant thin-layer
chromatography (ITLC) was performed to check the labeling effi-
ciency.

HPLC analyses

Gel filtration on high-performance liquid chromatography (HPLC)
was performed to analyze the integrity of the radiolabeled im-
munoconjugates (CC49 IgG and scFvs). Radiolabeled immuno-
conjugates were diluted in PBS and injected onto TSK G2000SW
and TSK G3000SW (Toso Haas, Tokyo, Japan), connected in 
series using 67 mM sodium phosphate buffer (pH 6.8), 0.1 M KCl
as the mobile phase. The elution was monitored by an in-line UV
detector at 280 nm, and the radioactivity of each of these eluates
was determined in a Packard Minaxi Auto-Gamma 5000 gamma
counter (Meriden, CT).

Binding analyses

The immunoreactivity of the radiolabeled immunoconjugates was
determined by a solid phase ELISA using BSM (Sigma Chemical
Co., St Louis, MO) as the antigen. Test samples were incubated
for 2 h at room temperature in threefold serial dilutions with 6 ng
of biotinylated CC49 IgG followed by incubation with alkaline
phosphatase-conjugated streptavidin (Jackson ImmunoResearch
Lab, West Grove, PA) for 1 h at room temperature. The p-nitro-
phenyl phosphate was used as the substrate, and absorbance was
read at 410 nm using a Dynatech MR 5000 automatic 96-well 
microtiter reader (Chantilly, VA). The quality control analysis of
radiolabeled immunoconjugates was performed using RIA, where
BSM or BSA (positive and negative controls, respectively) was 
attached to a solid-phase matrix (Reacti-Gel HW-65F; Pierce
Chemical). Radiolabeled immunoconjugates were allowed to bind
to the beads for 1 h at room temperature. The bound and unbound
fractions were counted in a gamma scintillation counter, and the
total percentage of bound and unbound activity was calculated.

Biodistribution and pharmacokinetic studies

Female athymic mice (nu/nu; 4–6 weeks old) were used for the in
vivo biodistribution and pharmacokinetic studies (Charles River,
Wilmington, MA). LS-174T cells, a human colon carcinoma 
cell line, were implanted s.c. (1×107), under a IACUC-approved 
protocol, and the mice were used 12 days (tumor volume, 200–
300 mm3) after the injection of cells. Biodistribution studies were
performed following an i.v. injection (given via the tail vein) of
185 kBq (5 µCi) 177Lu-labeled [sc(Fv)2]2 and IgG of CC49 MAb
in the absence and presence of L-lysine. L-Lysine was purchased
from Sigma Chemicals Co. (St Louis, MO) and dissolved in PBS,
pH 7.4 at a concentration of 160 mg/ml. Animals were injected
with L-lysine (250 µl) via the i.p. route several times as described
by others [25]. Animals were sacrificed at designated time points
in groups (n=5), and the tumor, blood, and major organs were 
removed, weighed, and counted in a gamma scintillation counter
to determine the %ID/g for each labeled protein. The blood clear-
ance studies were performed in non-tumor-bearing female athymic
mice (nu/nu; 4–6 weeks old) as described previously [7]. Blood
samples were drawn from the tail vein at various time points 
following the injection of 370 kBq (10 µCi) of the 177Lu-labeled
tetravalent scFv and IgG of CC49 MAb. The half-lives (t1/2α
and β) were calculated using the WinNonlin computer program
(Pharsight Corporation, CA) for kinetic analysis. The data was 

Fig. 1. Schematic representation of multivalent single-chain Fv
constructs of the CC49 expressed in P. pastoris. A scheme for 
the construction of scFv is shown in a. The high level of expres-
sion of divalent scFv results in the formation of a noncovalent 
stable tetravalent scFv (b). VL and VH are the variable light and
heavy chain domains of MAb CC49, respectively. L designates 
the 205C linker that is composed of 25 amino acids (LSAD-
DAKKDAAKKDDAKKDDAKKDL), and the His is a purifica-
tion tag (H-H-H-H-H-H). Noncovalent bonds are denoted by the
dotted lines
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fitted into a bi-exponential equation of a bolus injection as an 
experimental model. The p values were analyzed using the SSPS
Window’s two-sample Student’s t test for showing differences be-
tween means.

Results

Expression and purification of tetravalent scFv

The divalent sc(Fv)2 (~60 kDa) of CC49 MAb was ex-
pressed as a secreted soluble protein in P. pastoris, in
which, upon expression, it has a tendency to form stable
tetravalent scFv {[sc(Fv)2]2; ~120 kDa} by noncovalent
interactions as described previously[7, 31]. Purification
of scFv was performed using the hexahistidine tag at-
tached to the COOH-terminal of the construct (Fig. 1a).
The purity and integrity of the scFv were analyzed by
SDS-PAGE under reducing and nonreducing conditions.
Both divalent and tetravalent scFv migrated as a single
~60-kDa protein band under reducing as well as under
nonreducing conditions (Fig. 2a). CC49 IgG was also
run in parallel and showed ~50-kDa and ~24-kDa bands
corresponding to heavy and light chains, respectively,
under reducing conditions. Under nonreducing condi-
tions, the intact IgG migrated at ~150 kDa (Fig. 2a). The
tetravalent form of scFv also migrated at ~60 kDa, indi-
cating that the two polypeptide chains of [sc(Fv)2]2 were
noncovalently linked (Fig. 1b).

Lu labeling and quality control of divalent 
scFv-ITCB-DTPA, tetravalent scFv-ITCB-DTPA, 
and intact IgG-ITCB-DTPA conjugated constructs

The specific activity of 100–120 kBq/µg (2.7–3.2 µCi/µg)
was observed for the different ITCB-DTPA-conjugated
177Lu-labeled immunoconjugates. 177Lu radiolabeling of
the sc(Fv)2, [sc(Fv)2]2, and IgG of CC49 immunocon-
jugates was analyzed by ITLC, SDS-PAGE, and HPLC. 
After ITLC analysis, 177Lu-labeled immunoconjugates
were further analyzed by SDS-PAGE and HPLC to check
the integrity of the labeled products. Electrophoresis of
the labeled products under reducing and nonreducing
conditions and autoradiography showed the ~60-kDa pro-

tein bands of sc(Fv)2 and [sc(Fv)2]2 (Fig. 2b). The CC49
IgG immunoconjugate showed ~50-kDa and 24-kDa pro-
tein bands under the reducing condition, corresponding 
to the heavy and the light chain, respectively. Under 
the nonreducing condition, CC49 IgG showed a major
~150-kDa protein band (whole IgG) and minor ~50-kDa
and ~24-kDa (corresponding to the heavy and the light
chain, respectively) protein bands (Fig. 2b). In HPLC
analysis, 177Lu-labeled sc(Fv)2, [sc(Fv)2]2, and IgG im-
munoconjugates eluted at Mr ~60 kDa, 120 kDa, and
150 kDa, respectively, as single peaks (Fig. 3). SDS-
PAGE and HPLC analyses confirmed that ITCB-DTPA
conjugation and 177Lu-labeling procedures did not affect
the integrity of the proteins. In order to check whether or
not the ITCB-DTPA conjugation and/or 177Lu labeling 
affected the immunoreactivity, solid-phase RIA was 
performed. In solid-phase RIA, specific binding for
[sc(Fv)2]2 and IgG of CC49 was ~75.30% and 79.55%,
respectively (Table 1).

Pharmacokinetics studies of ITCB-DTPA-conjugated
177Lu-labeled immunoconjugates

Since our previous study [7] demonstrated that the tetra-
valent scFv, with higher avidity and prolonged pharma-
cokinetics in blood, meets the prerequisites of an opti-
mum tumor-targeting reagent in radionuclide-mediated
therapy and diagnosis, we focused on 177Lu-labeled tet-

Fig. 2. The SDS-PAGE analysis
of purified and 177Lu-labeled
IgG, and [sc(Fv)2]2 constructs
of the MAb CC49 under reduc-
ing (+) and nonreducing (−)
conditions. a Coomassie Blue
R-250 stained gel of the ITCB-
DTPA-conjugated unlabeled
immunoconjugates. b Auto-
radiography image of the 
177Lu-labeled ITCB-DTPA-
conjugated immunoconjugates

Table 1. Specific binding of 177Lu-labeled CC49 immunoconju-
gates with BSM- or BSA-coated beads

Constructs % Binding % Specific
binding

Total Nonspecific

IgG 84.49 4.94 79.55
[sc(Fv)2]2 85.56 10.26 75.30

BSM bovine submaxillary mucin, BSA bovine serum albumin,
Total binding binding with BSM, Nonspecific binding binding
with BSA, Specific binding Total binding minus nonspecific bind-
ing
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ravalent scFv in the present study. 177Lu-labeled CC49
IgG was used for comparison purposes.

Pharmacokinetic studies were performed to determine
the blood clearance of 177Lu-labeled tetravalent scFv
forms of CC49 MAb and intact CC49 IgG. The data
were analyzed using a bi-exponential model for analyz-
ing α phase t1/2 (the clearance of immunoconjugates

from the blood to the extravascular space) and β phase
t1/2 (principally the clearance of immunoconjugates from
blood to the nonextravascular space or out of the body)
values. The half-life alpha (t1/2α) values for [sc(Fv)2]2
and intact IgG were 4.4 min and 9.5 min (0.073 h and
0.158 h), respectively (Fig. 4). In addition, the [sc(Fv)2]2
showed a beta half-life (t1/2β) value of 375.0 min

Fig. 3. HPLC size-exclusion analysis of the ITCB-DTPA-conju-
gated and 177Lu-labeled IgG and tetravalent scFvs of the MAb
CC49. Samples were applied to a TSK G2000SW and TSK G3000

SW column and eluted as single peaks with Mr of 150 kDa and
120 kDa, corresponding to IgG and tetravalent scFv, respectively

Fig. 4. Pharmacokinetic analy-
sis of ITCB-DTPA-conjugated
177Lu-labeled IgG and tetrava-
lent scFv constructs of the
CC49 MAb in the nude mice
bearing LS-174T colon carci-
noma xenografts. An average
of five mice per group is pre-
sented. Values are corrected for
the decay of the radionuclide
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(6.25 h) while the corresponding value for IgG was
2,193.0 min (36.55 h). Thus, 177Lu-labeled [sc(Fv)2]2
showed markedly lower t1/2α (approximately 2.1 times
lower) and t1/2β (approximately 5.8 times lower) values
compared with the intact IgG. ITCB-DTPA-conjugated
and 177Lu-labeled [sc(Fv)2]2, and intact IgG immunocon-

jugates exhibited a different blood clearance pattern
compared with the previously used 125I- and 131I-labeled
[sc(Fv)2]2 and IgG [7].

Biodistribution studies in the presence/absence 
of L-lysine

The radioiodinated tetravalent scFv showed in vivo and
in vitro stability and better tumor localization compared
with the divalent scFv in our previous study [7]; there-
fore, we performed the biodistribution studies with
177Lu-labeled tetravalent scFv construct in the present
study. Intact CC49 IgG was also used in these experi-
ments for the comparison.

At 8 h post administration, the percent of the injected
dose accumulated/g (%ID/g) of LS-174T colon carcino-
ma tumors was 6.4±1.3 and 8.9±0.6 for 177Lu-labeled

Fig. 5. Radiolocalization index (RI, ratio of %ID/g of tumor divid-
ed by %ID/g of normal tissues) of the ITCB-DTPA-conjugated
177Lu-labeled tetravalent scFv and IgG of the CC49 MAb at dif-
ferent time points in the nude mice bearing LS-174T colon carci-
noma xenografts in the absence (−) and presence (+) of L-lysine.
177Lu-labeled tetravalent scFv construct showed better tumor to
blood ratios compared with the CC49 MAb at 24 and 48 h (11 vs
0.6 and 20 vs 2.6) in the absence and (4 vs 1.4 and 25.8 vs 5.0)
presence of lysine. The presence of lysine also resulted in a signif-
icant increase (p<0.005) in the RI in the kidneys at 24 h (8.8-fold)
and 48 h (12.8-fold)



[sc(Fv)2]2 and IgG, respectively (Table 2). 177Lu-labeled
IgG showed higher tumor uptake compared with the 
tetravalent scFv, but its accumulation was also higher in
the blood, heart, and lungs at all time points (Table 2),
which reduced the radiolocalization index (RI; %ID/g of
tumor divided by %ID/g of normal tissue) (Fig. 5). In
contrast, 177Lu-labeled tetravalent scFv showed a low 
tumor uptake with very low accumulation in the blood,
heart, and lungs compared with the IgG (Table 2). 177Lu-
labeled tetravalent scFv showed higher accumulation in
the liver, spleen, and kidneys compared with the IgG
(Table 2), which also reduced its RI index in these or-
gans (Fig. 5). As compared with the DOTA-conjugated
monovalent scFv (241.1%ID/g) at 1 h [14], the tetrava-
lent scFv showed considerably (approximately 5 times)
lower (50.3%ID/g) kidney uptake (Table 2). This value,
however, was significantly (p<0.005) higher than that
observed for IgG (Table 2).

Since 177Lu-labeled tetravalent scFv showed very low
retention in the blood, heart, and lungs, with very high
renal uptake compared to the IgG, we also performed
biodistribution experiments in the presence of L-lysine,
which is known to prevent the nonspecific binding and
subsequent absorption of radiometal conjugates in the
kidneys [25, 26]. The percent injected dose accumulat-
ed/g (%ID/g) colon carcinoma tumors for 177Lu-labeled
[sc(Fv)2]2 and IgG was 8.0±0.6 and 8.4±1.2, respective-
ly, at 8 h in the presence of L-lysine (Table 3). The tetra-
valent scFv showed better tumor localization with a
maximum (12.9±4.5%ID/g) value at 48 h (Table 3) com-
pared with the tumor localization values observed in the
absence of L-lysine, with no or minimal retention in
blood. A threefold increase in the tumor uptake value
was observed at 48 h in the presence of L-lysine com-
pared with the absence of lysine. In addition, an approxi-
mately four-fold gain in the tumor localization of
[sc(Fv)2]2 was observed when compared with the previ-
ously used DOTA-conjugated and 177Lu-labeled mono-
valent scFv [14]. 177Lu-labeled IgG showed a higher 
tumor uptake compared with the tetravalent scFv in 
the presence of L-lysine, but its accumulation again was
also higher in the blood at all time points (Table 3),
which lowered its RI values (Fig. 5). In the presence 
of L-lysine, however, 177Lu-labeled [sc(Fv)2]2 and IgG
showed comparable accumulation in the liver, heart, and
lungs (Table 3). A comparative RI (tumor to normal 
tissue ratio) of 177Lu-labeled tetravalent scFv and CC49
IgG is shown in the absence and presence of lysine
(Fig. 5).

Renal accumulation of 177Lu-labeled [sc(Fv)2]2 was
significantly (p<0.005) lower compared with the renal
accumulation values of [sc(Fv)2]2 in the absence of 
L-lysine. In addition, there was no significant (p>0.005)
difference in the renal uptake values of [sc(Fv)2]2 and
IgG (Table 3) in the presence of L-lysine. In contrast, a
significant (p>0.005) difference in renal uptake values of
IgG (Tables 2, 3) was observed when comparing the
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Table 2. Biodistribution of 177Lu-labeled [sc(Fv)2]2 and IgG of
CC49 MAb (%ID/g) in athymic mice bearing LS-174T colon car-
cinoma xenografts

Tissue Time (h)

1 4 8 24 48

[sc(Fv)2]2

Blood 14.7±4.0 6.2±0.8 3.6±0.3 0.5±0.1 0.21±0.0
Tumor 4.3±1.6 5.9±2.1 6.4±1.3 5.5±1.1 4.2±1.5
Liver 14.6±2.3 18.8±4.0 22.6±4.1 13.7±3.3 10.5±2.8
Spleen 9.7±1.6 21.5±5.8 14.2±0.4 19.7±6.9 14.7±6.2
Kidney* 50.3±8.5 59.0±5.2 63.8±8.8 60.4±10.2 47.0±2.8
Heart 3.7±1.5 3.6±0.1 2.1±0.6 2.9±0.6 2.3±0.5
Lungs 6.2±1.6 3.2±0.3 2.1±0.2 1.3±0.3 1.1±0.0
Femur 4.0±0.9 5.5±0.5 4.9±0.3 4.2±0.6 4.5±0.6

IgG
Blood 25.2±0.9 23.3±3.5 22.1±1.2 20.5±3.6 14.3±1.5
Tumor 4.5±0.7 6.3±3.8 8.9±0.6 13.3±10.7 38.6±9.3
Liver 9.2±2.2 8.5±1.2 9.5±0.5 10.7±3.4 8.3±1.8
Spleen 7.5±3.5 5.7±1.0 6.1±1.0 6.4±3.6 5.3±1.4
Kidney* 6.4±0.5 6.6±0.7 7.6±0.9 7.7±0.6 6.0±0.6
Heart 4.6±1.3 5.7±0.9 5.6±1.0 5.4±1.6 4.3±2.4
Lungs 7.1±0.5 8.3±1.0 8.0±0.9 8.8±3.0 5.5±0.5
Femur 2.1±0.1 1.9±0.1 2.8±0.3 3.0±0.1 2.4±.02

Mean ± SEM values are presented. The experiment was repeated
twice and similar results were obtained
*p<0.005 for comparison of the renal uptake values of [sc(Fv)2]2
and IgG in the absence of L-lysine

Table 3. Biodistribution of 177Lu-labeled [sc(Fv)2]2 and IgG of
MAb CC49 in the presence of L-lysine in athymic mice bearing
LS-174T colon carcinoma xenografts

Tissue Time (h)

1 4 8 24 48

[sc(Fv)2]2

Blood 24.0±2.2 12.9±1.4 9.8±0.5 1.3±0.2 0.5±0.2
Tumor 3.1±0.5 6.6±1.2 8.0±0.6 8.4±0.5 12.9±4.5
Liver 7.5±0.5 10.8±0.9 13.0±0.6 11.7±0.6 16.8±2.0
Spleen 11.9±1.0 18.3±3.3 21.9±2.7 23.0±1.3 28.7±4.0
Kidney* 7.2±0.6 9.2±0.6 9.7±0.4 10.7±0.5 11.1±0.6
Heart 5.3±0.7 3.4±0.2 4.5±0.3 3.0±0.3 5.1±0.2
Lungs 8.0±0.4 3.9±0.5 4.4±0.5 1.3±0.1 2.4±0.6
Femur 3.4±0.2 4.2±0.5 4.5±0.8 3.9±0.3 4.0±0.7

IgG
Blood 23.5±1.8 19.6±1.5 15.4±1.1 13.1±1.6 9.0±1.0
Tumor 4.5±0.8 7.3±1.3 8.4±1.2 18.3±1.2 45.4±4.9
Liver 7.5±0.8 8.2±0.7 8.8±1.2 8.1±3.0 13.1±1.3
Spleen 5.5±1.6 5.6±0.9 6.8±1.4 12.8±6.8 8.6±0.7
Kidney 4.7±0.2 4.2±0.4 3.7±0.3 3.5±0.2 5.2±0.2
Heart 4.6±0.5 3.6±0.6 3.0±0.5 2.3±0.4 3.5±0.3
Lungs 6.3±0.6 4.9±0.4 4.3±0.4 3.2±0.3 5.9±0.7
Femur 2.4±0.2 2.9±0.6 1.9±0.1 2.7±0.1 2.5±0.2

*p<0.005 for comparison of the renal uptake values of [sc(Fv)2]2
in the presence and absence of L-lysine (Table 2 and this table)



presence and absence of L-lysine. A comparative RI of
177Lu-labeled tetravalent scFv and CC49 IgG in the kid-
neys is shown in the presence and absence of L-lysine
(Fig. 5).

At 8 h post administration, the tetravalent construct of
scFv demonstrated tumor localization and renal uptake
comparable to those observed with intact IgG, in the
presence of L-lysine, with faster clearance from the
blood pool and more retention in the liver for the meta-
bolic/catabolic process at later time points (Table 3,
Fig. 5). The 177Lu-labeled tetravalent construct, however,
showed an increase in the kidney uptake in the ab-
sence/presence of L-lysine, compared with the previously
used iodinated tetravalent construct of CC49 IgG [7].
These results also suggested that the metal-chelated tet-
ravalent scFv construct followed a metabolic pattern
very different than that of the iodinated tetravalent scFv
construct, most likely due to the retention of the metal by
the organs metabolizing scFv.

Discussion

When performing RIT it has remained a challenge to 
optimize the therapeutic index by improving the tumor
localization while reducing the uptake by normal tissues
[8, 33, 34]. This is the first report to utilize the 177Lu-
labeled, engineered tetravalent scFv form of the MAb
CC49 for pharmacokinetic and biodistribution studies.
One of the potential problems in using the radiometal
immunoconjugate, especially with small molecules like
scFv, is high renal uptake, which limits the use of ra-
diometals like 177Lu-labeled engineered scFv products
for RII and RIT applications [14]. In this study, we also
focused our efforts on dealing with the problem of renal
uptake of the engineered scFv construct.

We conjugated the ITCB-DTPA, a bifunctional che-
lating agent, to the antibodies prior to the labeling proce-
dure and optimized the 177Lu labeling. 177Lu-labeled
IgG, divalent, and tetravalent scFv constructs of the
MAb CC49 showed >90% l77Lu incorporation with a
specific activity of 100–120 kBq/µg (2.7–3.2 µCi/µg).
SDS-PAGE analysis and autoradiographic studies of the
177Lu-labeled products showed a single band without any
major degradation products (Fig. 2b). In addition, HPLC
analysis also demonstrated single peaks of the labeled
products in the respective areas (Fig. 3). 177Lu-labeled
IgG and the tetravalent scFv construct showed good im-
munoreactivity (Table 1). Therefore, 177Lu labeling with
ITCB-DTPA-conjugated proteins appears to be a reliable
and reproducible method and may be useful for other 
radiometal-labeling procedures.

Biodistribution studies with 177Lu-labeled IgG and
[sc(Fv)2]2 construct of CC49 were performed in the 
presence and absence of L-lysine. L-Lysine is a cationic
amino acid that is known to prevent kidney uptake of the
radiometal-labeled immunoconjugates [25, 26, 33]. Ex-

cessive renal uptake of the 177Lu-labeled immunoconju-
gates, especially low molecular weight engineered scFv
constructs, has limited the use of engineered immuno-
conjugates for RII and RIT [14]. In a previous study, the
DOTA-conjugated and 177Lu-labeled monovalent scFv of
CC49 exhibited about 241%ID/g in the kidneys at 1 h
[14]. This study also aimed to improve the biodistribu-
tion characteristics of 177Lu-labeled scFv immunoconju-
gates by using multivalent forms of scFv with desirable
pharmacokinetic properties, a different bifunctional che-
lating agent (ITCB-DTPA), and i.p. administration of
cationic amino acid L-lysine. 177Lu-labeled intact CC49
IgG was used for the comparison in this study. Intact
CC49 IgG exhibited a better tumor uptake with very slow
blood clearance (t1/2α and t1/2β = 9.5 and 2,193.0 min, 
respectively), in the presence or absence of lysine. In
contrast, the tetravalent scFv construct showed rapid
clearance from the blood pool, and alpha (t1/2α) and beta
half-life (t1/2β) values were observed at 4.40 min and
375 min, respectively (Fig. 4). In addition to this, the 
engineered tetravalent scFv construct demonstrated com-
parable tumor localization to IgG at 8 h post injection
(Table 2). Moreover, the renal uptake of the [sc(Fv)2]2
construct was considerably lower (50.3%ID/g) (Table 2)
compared with the previously used DOTA-conjugated
177Lu-labeled monovalent scFv (241%ID/g) at 1 h [14],
in the absence of lysine. In the presence of lysine
[sc(Fv)2]2 demonstrated only 7.2%ID/g renal uptake at
1 h, which is 33-fold lower compared with the 241%ID/g
of DOTA-conjugated monovalent scFv [14] and very
close (only 1.5 times more) to the value for intact CC49
IgG (Table 3).

At 8 h, [sc(Fv)2]2 demonstrated less accumulation in
the liver (13%ID/g) in the presence of L-lysine than
without lysine (22.6%ID/g). These results suggest that
tetravalent scFv exhibited a different metabolic/catabolic
pattern in the presence of lysine, while in the absence of
lysine [sc(Fv)2]2 was primarily excreted or metabolized
by the kidney. It is also evident that the renal uptake of
the engineered constructs can be regulated using these
strategies (i.e., using different multimeric forms of scFv
and lysine administration before and after the labeled
immunoconjugate injection). The results of this study
with the tetravalent scFv are encouraging because this
immunoconjugate demonstrated good tumor localization
with limited kidney uptake compared with the previously
used DOTA-conjugated monomeric scFv [14]. This
study also indicated that the ITCB-DTPA-conjugated
and 177Lu-labeled immunoconjugates followed entirely
different metabolic patterns in the presence and absence
of lysine. The metabolic pattern of 177Lu-labeled engi-
neered tetravalent immunoconjugates also showed a very
different metabolic pattern as compared to radioiodi-
nated immunoconjugates [7].

In biodistribution studies, at 8 h post injection the 
tumor localization of 177Lu-labeled tetravalent scFv was
about fourfold higher compared with the previously used
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DOTA-conjugated monomeric scFv [14]. As CC49 
recognizes the sialyl-Tn epitope, a unique disaccharide
present in multiple copies in TAG-72 molecule, an addi-
tional increase in valency by generating tetravalent scFv
without significantly compromising the pharmacokinetic
advantage inherent to the scFv should provide a better
reagent for RIT applications. Generation and characteri-
zation of tetravalent scFv formed by noncovalent inter-
actions of covalent dimers has been described previously
[7, 31]. Such noncovalent association of scFv to yield
multimers has also been reported by several other inves-
tigators [16–20]. The multimers have been shown to 
exhibit stable thermodynamic characteristics rather than
being associated with a simple equilibrium. Once puri-
fied, tetravalent scFv was found to be stable and did not
dissociate upon dilution. We have recently evaluated the
stability of divalent and tetravalent scFvs under in vivo
conditions and these molecules appear to maintain their
integrity over the time course used in the present study
(unpublished data). Intrinsic affinity and antibody valen-
cy are known to contribute to the overall antigen binding
and subsequent immunoreactivity of the antibodies
[16–20, 35, 36]. Due to this, scFv multimers (divalent
and tetravalent scFv) have demonstrated a significant in-
crease in binding affinity in vitro as well as in vivo com-
pared with the monovalent form of scFv. This increase 
in functional affinity is probably due to the presence of
multiple antigen–antibody interaction sites. Thus, the
[sc(Fv)2]2 of CC49 has better potential for RIT compared
with the monovalent and divalent scFvs. However, the
monovalent and divalent scFvs may be better reagents
for imaging purposes.
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